Isopycnic centrifugation of picornaviruses into cesium chloride solutions and recovery of each virus at a specific buoyant density has provided a useful method of purifying virus particles for physicochemical studies. Buoyant density value is also one of several properties used in classifying viruses within this large group into subgroups (21, 25) . Rhinoviruses can be distinguished from other picornaviruses on the basis of lability of infectivity at pH 5 and below, high adenylic acid content in the genome, and buoyant density of virions in cesium chloride (27) . Buoyant density values for the human rhinoviruses (27) generally fall into two groups, with mean values of approximately 1.385 and 1.405 g/ml. There are many factors which affect buoyant density values of viruses in CsCl solutions and these factors have undoubtedly contributed to the ambiguity in buoyant density values reported for several human rhinoviruses (21, 25, 27 density values for at least two rhinoviruses. Rhinovirus serotype 1A has a buoyant density value in CsCl which places it in the low density group (10, 20) , whereas rhinovirus type 2 has a buoyant density in CsCl which places it in the high density group (2, 3, 6, 13) .
The buoyant density of rhinovirus type 14 (RV14) has been reported as 1.385 to 1.386 g/ml (13, 15) and as 1.40 to 1.408 g/ml (8, 30 (26) . Procedures for propagation and plaque assay of' reovirus type 3 in L cells were previously described (23) .
Preparation and purification of radioactive-labeled RV14. Propagation of RV14 in cells in the presence of either [2-14C ]uridine (0.1 gCi/ml) or [5-3H] uridine (1.0 gCi/ml) was carried out as previously described (8) . Brief'ly, cells were challenged with 20 to 50 PFU per cell of RV14. After a 2-h period for adsorption of virus, the inoculum was removed. The cells were washed once with phosphate-buffered saline containing 0.1% bovine serum albumin and incubated in minimal essential medium containing 1%-heat-inactivated fetal bovine serum, and radiolabeled uridine (virus growth medium). The method for extraction and/or concentration of virus from infected cells or cell-free supernatent f'luids was also previously described (8) . Methods for purification of reovirus type 3 from infected L cells were the same as those used for RV14 (8) .
Isopycnic centrifugation of viruses in cesium chloride gradients. The method used was described in detail previously (8) . Briefly, viruses were centrifuged in CsCl solutions prepared in either TST buffer (0.2% tryptose-phosphate broth, 0.1 M NaCl and 0.05 M Tris, pH 7.4) or in TPBT buffer (as TST buffer, except Tris was at 0.01 M, pH 8.5). Similar results were obtained using either buffer. Centrifugation was at 33,000 rpm in the Spinco SW50.1 rotor for 24 h at 4 C. The density of every fourth fraction was immediately determined using a Bausch and Lomb Abbe-3L refractometer. Radioactivity and infectivity assays on each fraction were carried out as previously described (8) .
Electron microscopy. (Fig. 1) . The major band of infectivity had an average buoyant density of 1.411 g/ml and was coincident in position with the single band of radioactivity. The minor band of infectivity had an average buoyant density of 1.391 g/ml and contained less than 5% of the infectivity present in the major band. Virus in the minor band was never detected by radioactivity measurements and could only be detected by infectivity assays of the gradient fractions. Hereafter, the more dense band of infectious RV14 will be denoted as H virus and the less dense band of infectious RV14 will be denoted as L virus. The buoyant density of L virus in CsCl was further established by the following experiment. Infected L cells containing unlabeled reovirus type 3 were mixed with RV14-infected HeLa cells which had been incubated with ["C ]uridine to label RV14 and both viruses were simultaneously extracted. Isopycnic centrifugation in CsCl (Fig. 2) showed that reovirus type 3 and RV14 L virus exhibited identical buoyant densities of 1.380 g/ml, whereas the RV14 H virus had a buoyant density of 1.401 g/ml at peak coincident ["C]uridine and infectivity values. This buoyant density value for reovirus type 3 is in agreement with data published in the literature wherein a similar purification procedure was used (1, 16) . Average values from 14 experiments for buoyant densities of virus in the two bands of infectious RV14 in CsCl gradients were 1.409 i 0.007 and 1.386 + 0.004 g/ml for H and L virus, respectively.
The relative proportion of H and L virus extracted from infected cell cultures was estimated from infectivity titers of the peak fractions of each virus band. Separation of the two bands of infectious virus was not sufficient ( Fig.  1 and 2 ) to permit the summing of infectivity titers in each fraction belonging to a specific band. The results of five experiments which were selected to show the range of proportion of infectivity in H/L virus bands are presented in Table 1 . Infectivity titers in the L-virus peak fraction were 3.3 to 12.8% of the titers in the peak fraction of the H-virus band establishing that the majority of simultaneously processed by the virus purification procedure described in Materials and Methods. An aliquot of the solution containing both partially purified viruses was centrifuged into a single CsCI gradient using methods applied in the experiment shown in Fig. 1 . Fractions were assayed for trichloroacetic acid-insoluble counts in 14C in RV14 virus particles (0), PFU/ml of RV14 (0) and PFU/ml of reovirus type 3 (0). Density of every fourth fraction ( ) was measured as in Fig. 1. stock virus preparations were contaminated by another rhinovirus serotype was dispelled by finding that (i) L-and H-virus bands were detected in virus prepared in either KB or HeLa cells using stock virus that originated from a plaque isolate that had undergone three successive plaque isolations; (ii) the plaque morphologies of L and H viruses were identical; (iii) RV14-monospecific antiserum neutralized infectivity, as measured by plaque assay, of both L and H viruses by 99.96% or greater.
Biophysical and biochemical differentiation between H and L viruses. Electron microscopic studies of H and L viruses were conducted to determine if aggregation of coreless and complete particles could account for infectivity in the L-virus band (an early hypothesis [27] ) or if particles in the two bands were of different sizes. Electron photomicrographs of virus particles from H-and L-virus bands are shown in Fig. 3A VOL. 16, 1975 GAUN1Yr ETAL.
in three of the gradients. Infectivity corresponding only to H virus was detected in the gradient into which the chymotrypsin-and trypsintreated virus aliquot was centrifuged. Failure to detect the L-virus band after proteolytic enzyme treatment of the virus suggests that protein serves to attach the fibrous material to L-virus particles. Subsequent experiments suggested a labile attachment of virus to the fibrous material. L-virus band virus subjected to a second isopycnic centrifugation in a CsCl gradient resulted in recovery of greater than 75% of infectivity in the gradient at an average buoyant density of approximately 1.41 g/ml in two experiments. These experiments suggest that the fibrous material is responsible for altering the buoyant density of some virus particles and it is attached to the particles via labile bonds which contain protein.
Origin of L virus. All previous experiments had been carried out with virus obtained from infected cells (cell-associated virus). In view of the fact that the buoyant density of L virus appeared to reflect a cell-directed interaction of virions and less dense fibrous material, it was of interest to determine if virus purified from cell-free fluids of infected cells contained both L and H viruses. In two experiments, virus purified from cell-free supernatant fluids contained only a single infectious band of RV14 at a buoyant density in CsCl gradients which corresponded to that for H virus. Cell-associated virus in each of the two respective experiments yielded both H-and L-virus bands in CsCl gradients. This result further suggested that the virus purification procedure did not inherently lead to an artifactual production of L virus.
The data thus far are compatible with the hypothesis that L virus represents a portion of the virus inoculum that has been altered by metabolic processes during the virus growth cycle. To determine whether L virus represented particles altered by the adsorption process or by a process(es) which occurred at a later time during the replication cycle, the following experiment was performed. Monolayer cultures of HeLa cells (approximately 100 x 106 cells/ sample) were challenged with purified [3Hluri-dine-labeled RV14. At the end of the 2-h period for adsorption, the inoculum was removed and all cell cultures were washed twice with phosphate-buffered saline containing 0.1% bovine serum albumin, and virus growth medium was added. One cell sample was incubated for 1 additional h, harvested at 3 h postinoculation (pi), and immediately taken through the virus extraction procedure. The second cell sample was incubated for an additional 10 h at 34.5 C before harvest and immediate processing for extraction of virus particles. Virus particle-containing fluids were mixed with solid CsCl and centrifuged to equilibrium. Each fraction of the gradients was then assayed for trichloroacetic acid-insoluble counts in 3H and for infectivity. The results are presented in Fig. 4 . L-virus was not extracted in detectable quantities from cells harvested at 3 h pi. Thus, formation of this class of virus particles requires metabolic processes which take place after adsorption of most particles has occurred (9) . Both H and L viruses were detected in cells harvested at 12 h pi, and although the H-virus band was clearly detected by radioactivity assay, some radioactivity was found in the region of the L-virus band. These results suggest that attachment of fibrous material to H virus, resulting in conversion of H virus to L virus, occurred at an intracellular site between 3 and 12 h pi. The reversible alteration of H and L virus is therefore not merely a consequence of the adsorption process.
DISCUSSION
The detection of two bands of infectious rhinovirus in CsCl gradients is not limited to RV14, as similar results have been found during isopycnic centrifugation of rhinovirus types 2 and 5 in CsCl gradients (27) . The initial hypothesis for explaining our results (Gauntt and Sauck, unpublished data reference 27) was that virus in the less dense band represented aggregates of virions and coreless particles. This hypothesis is clearly incorrect in view of the data presented herein. The present data are compatible with the hypothesis that a portion of the virions in the inoculum is sequestered, probably internally, after adsorption and that the sequestered virions remain coated throughout the replication cycle. This conclusion is based on the following data. The sequestered particles are similar in size to RV14 virions and once the attached amorphous material is removed from L-virus particles, they exhibit a buoyant density in CsCl gradients similar to virions. L virions are infectious, and therefore are different from particulate components produced by acidification of rhinovirions (14, 22) or obtained after interaction of rhinovirions with cells (17, 18 RV14 (278 PFU/counts per min) and incubated at 34.5 C for 2 h. After removal of the inoculum, the cells were washed twice with minimal essential medium and incubated in virus growth medium for either one or 10 additional h and processed to yield RV14 virus particles. Symbols: (0) trichloroacetic acid-precipitable 3H counts (counts/min); (0) infectivity (PFU/ml), and (.) density (g/ml). adsorption period, suggesting that L virus does not originate as an artifact of our procedure or techniques. In support of the latter statement, L virus is also detected in infected KB and L-132 cells and is found in freshly harvested infected cells or infected cells stored for as long as 3 weeks at -90 C (Gauntt, Griffith, and Sauck, unpublished data). Additionally, mengovirus and coxsackie B3 virus produced in the strain of HeLa cells used in this study exhibit only one band of infectious virus in CsCl gradients (Gauntt, unpublished data).
The nature of the fibrous material attached to L virus is unknown; however, the results presented herein suggest that attachment of the fibrous material to virions is via labile protein linkage. A thread-like material of a similarly amorphous nature to that associated with Lvirus particles was found associated with poliovirus particles that cosedimented with the viral RNA replication complex (3) . Whether the thread-like material or fibrous material in the present study represents excess precursor material which normally participates in formation of progeny virus particles (3) or represents products arising from intracellular degradation of virus particles (24, 32) is unknown. However, data presented in this study suggests that active production of virus must be in progress as attachment of amphorous material to virus particles does not occur during the adsorption period.
The fact that a portion of the inoculum (3 to 13%) is taken up but does not participate in replication is not unique to the RV14-HeLa cell system, as it is well known that from 1.5 to 25% of poliovirus particles (7, 19) and from 5 to 20% of encephalomyocarditis virus particles (11) in challenge inocula do not undergo eclipse and remain within the cell as intact virus particles. An explanation for this phenomenon is not at hand. Either some cells lack viral uncoating enzymes (5) or, alternatively, uncoating of virions may be a function of virion-bound proteinases (12) and virus particles which lack these enzymes do not participate in viral-replicative processes.
The persistence of picornavirus particles in cells is not a general characteristic of this group of viruses, however, a few studies have been published which suggest that this phenomenon does occur. Although there have been several reports on the presence of picornavirus-like particles in muscle tissue of human patients with myositis and polymyositis, one recent report has identified coxsackie A9 virus particles in skeletal muscles of a patient with chronic myopathy (29) . Foot-and-mouth disease virus has been shown to establish a persistent infection of cells of the bovine pharynx and in some cases, in absence of seroconversion to viral antigens (28, 31) . Persistence of some picornaviruses in cells may be an important factor in some diseases caused by these viruses.
